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ABSTRACT

An engine system includes an internal combustion engine
having an exhaust system, and an air Supply passage connect
ing therewith. The engine system includes an auxiliary regen
eration device coupled with the exhaust system, and an aux
iliary power turbine coupled with the exhaust system and
positioned downstream the auxiliary regeneration device. A
method of providing power in an internal combustion engine
System is further provided, including turning off the engine,
moving gases through an exhaust system of the engine,

including combusting a fuel in the exhaust system with an
ry reg
, and operatingap
separate from the engine by rotating an auxiliary power tur

auxiliarv regeneration device, and onerating a power source

bine via the gases moving through the exhaust system.
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1.
ENGINE SYSTEMAND METHOD OF
PROVIDING POWER THEREN
TECHNICAL FIELD

The present disclosure relates generally to internal com
bustion engine systems, and relates more particularly to an
engine system having an auxiliary power turbine operable to
generate power when the engine is shut off.
10

BACKGROUND

Internal combustion engines are well known and widely
used as power sources. Applications for Such engines range
from Small, hand-held machines such as chain saws to rela

tively large and complex propulsion and electrical power
generation systems. Internal combustion engines may be used
as primary power and propulsion sources, but may also have
a wide variety of auxiliary systems coupled therewith.
On-highway trucks and other mobile work machines, for
example, typically include several systems such as heating
and cooling, hydraulic systems, air compressors, fuel and oil
pumps, engine cooling systems, etc. operably coupled with a
power output shaft of an internal combustion engine. During
typical operation, the primary engine serves to not only pro
pel Such a work machine, but also to drive the various sec
ondary systems. Decades oftechnological development have
resulted in quite Sophisticated and efficient engine systems,
with a primary engine having a variable load range for pow
ering different subsets of the various components. There are
Some instances, however, where powering of a secondary
system of a work machine is desirable, but the full output
power of a primary internal combustion engine is not needed.
In addition, while the operating range of many internal com
bustion engines allows operation at relatively low loads, Such
operation may not always be optimally efficient or practi
cable.

2
the engine in the form of waste gases is passed through an
exhaust tube to transfer heat to a heat exchanger and thence
forth to a cooling medium. Heat from the cooling medium
may then be used to drive an expansion turbine to provide a
source of power separate from the main engine. While Kim
appears to provide one means of recovering energy in an
internal combustion engine that might otherwise be lost, it
requires that the main engine actually be operated, and there
fore suffers from shortcomings similar to many known
designs.
The present disclosure is directed to one or more of the
problems or shortcomings set forth above.
SUMMARY OF THE DISCLOSURE

15

25

30

35

In one aspect, an engine system is provided, including an
internal combustion engine having an exhaust system defin
ing an upstream end and a downstream end. An air Supply
passage connects with the exhaust system, and an auxiliary
regeneration device is coupled with the exhaust system and
includes a fuel igniter. An auxiliary power turbine is coupled
with the exhaust system and positioned downstream the aux
iliary regeneration device.
In another aspect, the present disclosure provides a method
of providing power in an internal combustion engine system.
The method includes the steps of turning off the engine, and
moving gases through an exhaust system of the engine,
including a step of combusting a fuel in the exhaust system
with an auxiliary regeneration device. The method further
includes the step of operating a power Source separate from
the engine, including a step of rotating an auxiliary power
turbine at least in part via the gases moving through the
exhaust system.
In still another aspect, the present disclosure provides an
auxiliary power system including an exhaust segment defin
ing an upstream end with an exhaust inlet, and a downstream
end including an exhaust outlet. The power system further
includes an air Supply passage connecting with the exhaust
segment, an exhaust regeneration device including a fuel
igniter, and an auxiliary power turbine coupled with the
exhaust segment and positioned downstream the exhaust
regeneration device.

It is well known that many on-highway trucks will often
idle for extended periods of time, continuing to power various
secondary systems of the work machine even when propul
sion or other primary power is unnecessary. In particular,
when a truck is parked the operator will often run the engine 40
at an approximate idle speed, providing Sufficient power to
BRIEF DESCRIPTION OF THE DRAWINGS
operate the heating or air conditioning system. While it is
certainly convenient for an operator to simply park the truck
FIG. 1 is a schematic illustration of a work machine with an
at a truck stop, and keep the engine running, long periods of
idling can consume appreciable amounts of fuel and result in 45 engine system according to one embodiment of the present
wear and tear on the engine, even where the engine load is disclosure;
FIG. 2 is a schematic illustration of another engine system
relatively small. In general terms, long periods of idling arean
inefficient way in which to run a relatively large internal according to a second embodiment of the present disclosure;
combustion engine, as heavy duty engines typically operate
FIG. 3 is a schematic illustration of still another engine
with approximately 20% thermal efficiency at idle condi- so system according to a third embodiment of the present dis
tions.
closure;
FIG. 4 is a flow chart illustrating an exemplary operating
Some manufacturers have developed stand alone engines,
known in the art as "pony’ engines, which operate separately process for an engine system according to the present disclo
from a main engine and allow the main engine to be shut down SUC.
when a truck or other mobile work machine is not traveling. 55
DETAILED DESCRIPTION
These relatively smaller pony engines tend to have relatively
higher efficiencies than the main engine due to lower friction
and the ability to operate at a more practical load condition.
Referring to FIG. 1, there is shown a schematic illustration
Moreover, it is known to use the pony engine to assist in of an engine system 10 according to one embodiment of the
initiating operation of the main engine when desired.
present disclosure, shown disposed in a work machine 11. It
In addition to such stand alone pony engines, a variety of " is contemplated that engine system 10, and the other embodi
other engine modifications have been introduced into the ments described herein, will be well suited for use with work
market that are also directed towards reducing energy waste. machines such as on-highway trucks, however, the present
U.S. Pat. No. 4,996,845 to Kim provides a cooling/heating disclosure is by no means thereby limited. For instance, rather
and power generating device that purportedly utilizes waste than a mobile work machine, engine system 10 might be part
heat from an automobile to produce an auxiliary energy 65 of a stationary System such as a genset, a pumping apparatus,
Source for driving various accessories, including a cooling/ a gas compressor System or a marine application. Engine
heating apparatus, an electric generator, etc. Waste heat from system 10 includes an internal combustion engine 12 having
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a plurality of cylinders 13, which serves as a primary engine,
and an auxiliary power turbine 30 for providing a secondary
power source apart from engine 12, as described herein.
Engine system 10 further includes an intake manifold 14
and an exhaust manifold 16, each coupled with engine 12 in
a conventional manner. An exhaust system 20 is connected
with engine 12, and includes an exhaust inlet 22 at an
upstream end, and an exhaust outlet 24 at a downstream end.
A turbocharger 26 may be disposed at least partially within
exhaust system 20 and powered via exhaust from engine 12
passing through an exhaust passage 33. A compressed airline
27 extends from turbocharger 26 to intake manifold 14 in a
conventional manner. While it is contemplated that many, if
not most engine systems according to the present disclosure
will be turbocharged engines, the present disclosure is not
limited to Such a configuration.
Auxiliary power turbine 30 is also positioned at least par
tially within exhaust system 20 and powered via exhaust in
passage 33. Auxiliary power turbine 30 includes an output
shaft 31 configured to power at least one driven component,
as described herein. A bypass line 32 may be routed around
auxiliary power turbine 30 and has an open/closed state that
may be controlled via a bypass valve 34.
An auxiliary regeneration device 28 is coupled with
exhaust system 20 and is operable to combust a mixture of
fuel and air therein. As used herein, the term 'auxiliary regen
eration device' should be understood to refer to a wide variety
of devices disposed within or configured to connect with an
exhaust system of an internal combustion engine, and capable
of delivering a fuel charge into an exhaust stream of the
engine. Such devices may be used to regenerate an exhaust
particulate filter via a combustion of fuel within an exhaust
System of an internal combustion engine, in particular diesel
engines, and a variety of Suitable devices are known to those
skilled in the art. In the present disclosure, combustion of fuel
and air in exhaust system 20 via auxiliary regeneration device
28 may be used to power auxiliary power turbine 30, to
provide an auxiliary power source for certain of the compo
nents of engine system 10 as desired.
To this end, auxiliary regeneration device 28 will typically
include a fuel igniter 29 and is coupled with an air supply
passage 39 via an air inlet 38, and a fuel supply passage 37 via
a fuel inlet 36. Fuel supply passage 37 will typically connect
with a fuel pump 42 or other fuel Supply, whereas air Supply
passage 39 will typically connect with a source of com
pressed air such as an air storage tank 48. A source of com
pressed air is contemplated to be desirable for at least initial
operation of auxiliary power turbine 30, and in many
instances may provide a practical implementation strategy,
although not a necessary component of engine system 11. Air
storage tank 48 may be the air storage tank used to power
pneumatic components of work machine 11 Such as conven
tional airbrakes, or it might be a separate air storage tank. An
air compressor 44 may be coupled with air storage tank 48 via
a compressed air Supply passage 45. Embodiments are con
templated wherein, rather than connecting with an air storage
tank, auxiliary regeneration device 28 is connected directly to
an air compressor.
Output shaft 31 of auxiliary power turbine 30 may be
configured to rotate components of a gear train 40. For illus
trative purposes arrow 41 is shown connecting output shaft31
with gear train 40. Those skilled in the art will appreciate that
auxiliary power turbine 30 may be positioned adjacent engine
12 in certain embodiments. For instance, where auxiliary
power turbine 30 comprises a component of a turbocom
pound system, shaft power derived from the rotation of aux
iliary power turbine 30 may be selectively linked with an
engine crankshaft (not shown). A clutch (not shown) may be
used to couple output shaft 31 with gear train 40, such that
output shaft 31 of auxiliary power turbine 30 may be rotated
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independently of gear train 40. Likewise, a clutch may be
provided for selectively coupling/decoupling output shaft 31
with the engine crankshaft.
Gear train 40 is in turn coupled with air compressor 44 and
may also be coupled with fuel pump 42. An air conditioner 46.
for example including a compressor (not shown), may also be
coupled with gear train 40 and operable to provide cooling to
an operator cabin 60. Exhaust passage 33 may also be con
nected with a heat transfer passage 70 that connects with
operator cabin 60. Hot gases, exhaust or air or some other
fluid heated by the exhaust gases from auxiliary power tur
bine 30 may be transported through a heat exchanger (not
shown adjacent or in an operator cabin 60 to heat the same.
A battery 50 may further be provided and electrically con
nected with fuel pump 42, such that fuel pump 42 may be
driven after engine 12 has been shut down, but before auxil
iary power turbine 30 is operating. Similarly, any of the other
driven components may be battery powered, and the power
connection configuration of FIG. 1 is illustrative only. In
further embodiments, described herein, an alternator is pow
ered by auxiliary power turbine 30.
Turning now to FIG. 2, there is shown an engine system
110 according to another embodiment of the present disclo
sure. Engine system 110 is similar to engine system 10 of
FIG. 1, but includes several important differences. For
instance, rather than a single auxiliary power turbine shown in
the context of a turbocompound system, engine system 110
includes parallel turbocompound auxiliary power turbines.
Reference numerals similar to those of FIG.1 are used in FIG.
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2 to identify components similar to those shown in engine
system 10 of FIG.1. Engine system 110 will typically include
an internal combustion engine 112 having an intake manifold
114 and an exhaust manifold 116. An exhaust system 120
connects with exhaust manifold 116, and may include a tur
bocharger 126 coupled therewith. A first exhaust passage
133a connects with turbocharger 126, as does a parallel sec
ond exhaust passage 133b. First and second auxiliary power
turbines 130a and 130b may be disposed fluidly in parallel
and positioned at least partially within exhaust passages 133a
and 133b, respectively. In certain embodiments, turbines
130a and 130b may comprise components of a parallel tur
bocompounding system. An auxiliary regeneration device
128 is also coupled with exhaust system 120 and operable to
combust fuel and air therein. Similar to the embodiment of

45

FIG. 1, combustion of fuel and air via auxiliary regeneration
device 128 powers auxiliary power turbines 130a and 130b.
As in the embodiment of FIG. 1, a fuel supply passage 137
and an air Supply passage 139 connect with auxiliary regen
eration device 128. Also similar to the embodiment of FIG. 1,
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an air storage tank 148 and a fuel pump 143 may be provided.
Engine system 110 may further include a gear train 140
coupled with one or more of an air conditioner 146, an air
compressor 144 and an alternator 147. Alternator 147 may be
electrically connected with a battery 150 which is in turn
configured to power a fuel pump 143.
Turning to FIG.3, there is shown yet another engine system
210 according to a third embodiment of the present disclo
sure. Engine system 210 has a number of similarities with the
embodiments of FIGS. 1 and 2, but several important differ
ences. For instance, rather than a turbocompound system,
engine system 210 includes an auxiliary power turbine dis
posed in a branch passage connecting with the exhaust sys
tem, as described herein. In FIG.3, numerals similar to those

used in the preceding embodiments are used to identify simi
lar features. Engine system 210 will typically include an
internal combustion engine 212 having an intake manifold
214 and an exhaust manifold 216. An exhaust system 220
connects with exhaust manifold 216, and includes a turbo
charger 226 disposed at least partially within an exhaust
passage 233. An auxiliary power turbine 230 is disposed at
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least partially within another exhaust passage 235 which may
connect with exhaust passage 233, and is coupled with a gear
train 240. An auxiliary regeneration device 228 is configured
to combust fuel and air in exhaust system 220 to rotate aux
iliary power turbine 230, and to regenerate a particulate filter
disposed in exhaust system 220. A bypass valve 234 may be
provided to allow device 228 to connect with exhaust system
220 apart from turbine 230. An air storage tank 248, battery
250 and fuel pump 243 will further typically be provided. An
alternator 247, air compressor 244 and air conditioner 246
may be coupled with gear train 240.

5

10

INDUSTRIAL APPLICABILITY

Referring to FIG. 4, there is shown a flow chart illustrating
an exemplary operating process 300 according to one
embodiment of the present disclosure. Although the present
operating process is discussed in the context of engine system
10 of FIG. 1, the description is similarly applicable to all
contemplated embodiments of the present disclosure. The
process 300 begins at a START310, and thenceforth proceeds
to step 312 wherein engine 12 is turned off. From step 312, the
process may proceed to step 314 wherein fuel and pressurized
air may be delivered to auxiliary regeneration device 28.
From step 312, the process may proceed to step 316 wherein
auxiliary regeneration device 28 is used to combust a mixture
of fuel and air in exhaust system 20. From step 316, the
process may proceed to step 318, which includes rotating
auxiliary power turbine 30. From step 318, the process may
proceed to FINISH 320.
Once operation of auxiliary power turbine 30 is initiated, it
may continue to be powered by intermittently injecting fuel
into exhaust system 20 via auxiliary regeneration device, and
igniting the same with fuel igniter 29. Each fuel injection and
Subsequent ignition will provide expanding combustion
gases in exhaust system 20 which will continue to drive
rotation of turbine 30. Alternative strategies are contem
plated, however, wherein continuous fuel injection might be
employed to operate auxiliary power turbine 30 similar to a
gas turbine engine.
It may be desirable to block fluid communications between
exhaust system 22 and engine 12 when operating auxiliary
power turbine 30. Thus, the method may further include a step
of blocking fluid communications therebetween. It is contem
plated that air passage 39 will provide one design for Supply
ing air to auxiliary regeneration device 28, however, in other
contemplated embodiments air might be Supplied to exhaust
system 20, and hence auxiliary regeneration device 28 via
engine 12 itself. In other words, the various intake and
exhaust valves associated with one or more of cylinders 13
might be positioned in an open state Such that air could be
Supplied through engine 12.
While auxiliary power turbine will typically be used to
power at least one driven component of engine system 11, it
will generally be desirable to decouple the component from
the engine prior to powering it with auxiliary power turbine
30. For instance, fuel pump 42 may operate as a conventional
fuel pump when engine 12 is turned on, being driven by a belt,
gear interface, etc. coupled with engine 12. Because power
ing fuel pump 42 with auxiliary power turbine 30 could
otherwise cause the belt or gear coupling with engine 12 to
rotate, fuel pump 42 and any other driven component will
typically be decoupled from engine 12 prior to driving the
same with auxiliary power turbine 30.
When it is desirable to start engine 12, auxiliary power
turbine 30 may be selectively coupled via output shaft 31 with
the crankshaft of engine 12 to initiate rotating thereof. In Such
an embodiment, the role for a separate engine starter is
reduced or eliminated. Moreover, hot exhaust gases from
auxiliary power turbine 30 may be used to directly heat com
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6
ponents of engine 12 Such as the engine block, or indirectly by
heating the engine oil. This may facilitate starting, and also
can ameliorate undesirable emissions during cold starting, as
not only the engine, but also the aftertreatment system, is
warm and thus fully or close to fully operational.
The engine systems of the present disclosure thus provide
for an auxiliary power Source separate from the engine which
may be used to drive separate engine systems at a relatively
higher efficiency than is possible by running the main engine
at low loads. The auxiliary power source may also be used to
assist in starting the engine. By using existing hardware Such
as an auxiliary regeneration device in combination with a
turbocompound auxiliary power turbine, additional weight,
cost and complexity of the engine system is minimal.
The present description is for illustrative purposes only,
and should not be construed to narrow the breadth of the

present disclosure in any way. Thus, those skilled in the art
will appreciate that various modifications might be made to
the presently disclosed embodiments without departing from
the intended spirit and scope of the present disclosure. For
example, while several illustrative examples of turbocharger
and turbocompound systems are described herein, a multi
plicity of other designs is possible. Rather than a turbine
positioned downstream a turbocharger, an engine system
according to the present disclosure might include an auxiliary
power turbine positioned immediately downstream the
exhaust manifold of the engine. Further, rather than a separate
auxiliary power turbine, a turbine of a turbocharger itself
might be used, or a Supercharger system adapted to provide
auxiliary power. Similarly, the combination of components
driven via the auxiliary power turbine, and those powered
with a battery may be varied from the specific examples
described herein. For instance, all of the driven components
might be electrically powered, and the auxiliary power tur
bine used solely for driving an alternator to charge the battery.
Other aspects, features and advantages will be apparent upon
an examination of the attached drawings and appended
claims.
What is claimed is:

40

45

1. An engine system comprising:
an internal combustion engine having an exhaust system
defining an upstream end and a downstream end;
an air Supply passage connecting with said exhaust system;
an auxiliary regeneration device coupled with said exhaust
system and including a fuel igniter,
a particulate filter positioned in the exhaust system at a
location for regeneration by the auxiliary regeneration
device;

an auxiliary power turbine coupled with said exhaust sys
tem and positioned downstream said auxiliary regenera
50

55

tion device: and

a turbocharger coupled with said exhaust system and posi
tioned upstream said auxiliary regeneration device.
2. The engine system of claim 1 wherein said air Supply
passage comprises an air inlet connecting with said exhaust
system at a position upstream said auxiliary regeneration
device.

3. The engine system of claim 2 further comprising a com
pressed air Supply connecting with said air inlet, and a pres
Surized fuel Supply connecting with said auxiliary regenera
60

65

tion device.

4. The engine system of a claim 3 further comprising at
least one of an operator cabin heater and an air conditioner
operably coupled with said auxiliary power turbine.
5. The engine system of claim 3 further comprising an
alternator, wherein said compressed air supply comprises an
air compressor and said fuel Supply comprises a fuel pump,
and wherein said auxiliary power turbine includes a power
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output shaft configured to power at least one of said alterna
tor, said air compressor and said fuel pump.
6. The engine system of claim 5 further comprising a com
pressed air storage device connecting with said air inlet and
with said air compressor.
7. The engine system of claim 5 further comprising a bat
tery electrically connected with said alternator and electri
cally connected with at least one of said air compressor and
said fuel pump, said auxiliary power turbine being configured
to power said alternator.
8. The engine system of claim 1 further comprising a gear
train having a plurality of power outputs and coupled with
said auxiliary power turbine.
9. The engine system of claim 8 wherein said auxiliary
power turbine comprises a component of a turbocompound
ing apparatus for said engine.
10. An engine system comprising:
an internal combustion engine having an exhaust system
defining an upstream end and a downstream end;
an air Supply passage connecting with said exhaust system;
an auxiliary regeneration device coupled with said exhaust
system and including a fuel igniter;
an auxiliary power turbine coupled with said exhaust sys
tem and positioned downstream said auxiliary regenera
tion device;

said air supply passage comprises an air inlet connecting
with said exhaust system at a position upstream said
auxiliary regeneration device;
a compressed air Supply connecting with said air inlet, and
a pressurized fuel Supply connecting with said auxiliary
regeneration device;
a turbocharger coupled with said exhaust system and posi
tioned upstream said auxiliary regeneration device; and
wherein said exhaust system further includes an exhaust
bypass line configured to bypass said auxiliary power
turbine and having an adjustable bypass valve disposed
at least partially therein.
11. An engine system comprising:
an internal combustion engine having an exhaust system
defining an upstream end and a downstream end;
an air Supply passage connecting with said exhaust system;
an auxiliary regeneration device coupled with said exhaust
system and including a fuel igniter;
an auxiliary power turbine coupled with said exhaust sys
tem and positioned downstream said auxiliary regenera

8
an auxiliary regeneration device coupled with said exhaust
system and including a fuel igniter, and
an auxiliary power turbine coupled with said exhaust sys
tem and positioned downstream said auxiliary regenera
tion device;

10

15

25

tion device; and
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operating a power source separate from the engine, includ
ing a step of rotating an auxiliary power turbine at least
in part via the gases moving through the exhaust system.
14. The method of claim 13 wherein the operating step
further comprises a step of rotating a power output shaft of the
auxiliary power turbine.
15. The method of claim 14 further comprising the steps of:
after turning off the engine, blocking fluid communications
between the exhaust system and the engine;
decoupling at least one driven component from the engine;
and

40
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tion device;

said air supply passage comprises an air inlet connecting
with said exhaust system at a position upstream said
auxiliary regeneration device;
a compressed air Supply connecting with said air inlet, and
a pressurized fuel Supply connecting with said auxiliary
regeneration device;
a turbocharger coupled with said exhaust system and posi
tioned upstream said auxiliary regeneration device; and
wherein said auxiliary power turbine is a first auxiliary
power turbine, said engine system further comprising a
second auxiliary power turbine positioned fluidly in par
allel with said first auxiliary power turbine.
12. An engine system comprising:
an internal combustion engine having an exhaust system
defining an upstream end and a downstream end;
an air Supply passage connecting with said exhaust system;

said air Supply passage comprises an air inlet connecting
with said exhaust system at a position upstream said
auxiliary regeneration device;
a compressed air Supply connecting with said air inlet, and
a pressurized fuel Supply connecting with said auxiliary
regeneration device;
said exhaust system comprises a primary exhaust passage
coupled with an exhaust manifold of said engine and a
secondary exhaust passage connecting with said pri
mary exhaust passage, said auxiliary power turbine and
said auxiliary regeneration device being disposed within
said secondary exhaust passage; and
said engine system further comprises a turbocharger dis
posed within said primary exhaust passage.
13. A method of operating an internal combustion engine
system comprising the steps of:
turning off the engine to cease engine exhaust flow through
a turbocharger of an exhaust system;
moving gases through the exhaust system of the engine,
including a step of combusting a fuel in the exhaust
system with an auxiliary regeneration device;
regenerating a particulate filter with the auxiliary regenera

50

powering the at least one driven component with the power
output shaft of the auxiliary power turbine.
16. The method of claim 15 wherein the powering step
comprises powering a Subset of an alternator, an air compres
Sor, a fuel pump, a heater and an air conditioner.
17. The method of claim 14 further comprising the step of
powering the engine, including coupling the power output
shaft of the auxiliary power turbine with a crankshaft of the
engine.
18. An auxiliary power system comprising:
an exhaust segment defining an upstream end and a down
stream end, said exhaust segment including an exhaust
inlet and an exhaust outlet;

an air Supply passage connecting with said exhaust seg
ment;

55
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an auxiliary regeneration device including a fuel igniter,
a particulate filter positioned for regeneration by the aux
iliary regeneration device;
an auxiliary power turbine coupled with said exhaust seg
ment and positioned downstream said auxiliary regen
eration device; and

a turbocharger coupled with the exhaust segment and posi
tioned upstream from said auxiliary regeneration device.
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